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(57) A romputer system has a computer (1 00} hav- 
ing one or more computer interfaces (120.122,124), a 
peripheral device (106) having one or more peripheral 
data ports and a full-duplex serial communications bus 
(134) connecting the peripheral device (106) and the 
computer (100) for trensfening data frames between the 
peripheral device (106) and the computer (100). Each 
of the data frames has an address, a plurality of data 
bits and a ready bit , the address In each of the data 
frames from the peripheral device (1 06) to the computer 
(100) designating one of the computer interfaces, the 
address In each of the data frames from the computer 
(100) to the peripheral device (106) designating one of 
the peripheral data ports. When one of the data frames 
Is being sent from the computer (100) to the peripheral 
device (106), another one of the data frames is simulta- 
neously being sent from the peripheral device (106) to 
the computer (100). The ready bit in each of the second 
data frames from the computer (100) to the peripheral 
device (106) indicates whettier the computer Interface, 
designated by the address in the simultaneous data 
frame from the second peripheral device (106) to the 
computer (100), Is ready to receive data. The ready bit 
In each of the data frames from the peripheral device 
(106) to the computer (100) Indicates whether the pe- 
ripheral data port« designated by the addresfi In the si- 
multaneous data frame from the computer (10O) to the 
peripheral device (106). is ready to receive data. 
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Description 

[0001] This invention relates ganGrally to computer In- 
put/output and more specrfrcally to audio and telephone 
servfcQs for a computer. 

[0002] The role of computers fs expanding from sim- 
ple data processing to more generalized information 
processing and communication. For example, comput- 
ers are being used to process more abstract information 
such as audio, images, and video and to control the 
communication of information such as control of facsim- 
ile and telephone services. The need for Input/Output 
(I/O) is expanding at the same time that more computer 
functionality is being integrated onto one or a few inte^ 
grated circuits with Increasingly limited connection avail- 
ability There is a need for efficient and cost effective 
data transfer and control between the central process- 
ing unhs and external devices such as anatog audio mi- 
crophones and speakers and analog telephone signals. 
In addition, there is need to interface to digital telephone 
systems such as the Integrated Services Digital Net- 
work (ISDN), which carries a mbdure of voice, computer 
and video signals. Finally there is a need to minimize 
the number of integrated circuit connections required to 
provide all these services. 

[D003] It is the object of the present invention to pro- 
Vide an improved flexibility in communication between 
a computer and a peripheral device. 
[0004] This object Is achieved by a computer system 
according to dalm 1 and a method according to claim 2. 
[0005] The present invention can be used in a com- 
puter Input/Output (I/O) subsystem that provides com- 
munication and control between a computer and exter- 
nal audio and telephone devices. As seen by the com- 
puter software, audio and telephone I/O is register 
based, with registers for serial data ports, serial control 
ports. Direct 

[0006] Menf¥>ry Access (DMA) ports for ISDN, and 
DIVIA ports for digitized audio. The external signals In- 
clude stereo audio input signals, stereo audio output sig- 
nals for headphones, monaural audio microphone input 
signal, monaural audio output signal for a speaker, and 
analog telephone lines or ISDN. Data to and from the 
multiple computer I/O ports and data to and from the 
multiple external devices is all merged for communica^ 
tion over a single tfme-domatn-multlplexed serial bus. 
Input and output occur simultaneously over the single 
serial bus (full duplex). 

[0007] A coderydecoder (CODEC) integrated circuit is 
used for audio anaiog-to-digitel (AID) conversion, digit- 
ai-to-anaiog (D/A) conversion and various audio control 
functions. A separate telephone circuit has A/D and □/ 
A conversion for telephone voice and various telephone 
control functions. The telephone circuit is designed as 
an option and is either analog or ISDN. When the tele- 
phone circuit is irrstalled the serial bus is automatically 
reconfigured to accommodate the additional data and 
control information. The telephone circuit transparently 



merges serial telephone data and serial audio data. For 
example, MODEFl/l data I/O can occur simultaneously 
audio sample data. 

s BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is a block diagram Schematic illustrat- 
ing a computer system Including a serial bus for tele- 
phone end audio sen/ices. 

10 [0009] Figure 2 is a block diagram schematic illustrat- 
ing additfonal detail for parts of figure 1. 
[0010] Figure 3 is a block diagram schematic niustrat- 
Ing the serial tujs configuration with audk) services only. 
[001 1] Figure 4 is a block diagram schemata illustrate 

fs ing the serial bus oonf^unation with both telephone and 
audio sen/Ices. 

[0012] Figure 5 aiustrates data formats for data and 

control bits within frames. 

20 DET/^LED DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

[001 3] Figure 1 is a block diagram schematic illustrat- 
ing a computer system that Includes the present Inven- 
ts tion. In figure 1 . a computer 1 00 has an audio/telephone 
I/O system 1 02 connected to a time-domain-muKfplexed 
serial bus system 104 that is connected to a telephone 
services subsystem 106 and to an audio services sub- 
system 108, The computer 100 includes on© or more 
30 processors 110 and random-access-mennory (RAM) 
112 interconnected by a processor bus 114. A separate 
I/O bus 116 is isolated finom the processor bus 114 by 
an I/O controller 118. The audio/tetephone I/O system 
102 Includes a bank of registers 122 that provide direcdy 
36 addressable control functiorra and interrupt driven I/O. 
In addition there Is direct menfwry access (DMA) for IS- 
DN data (120) and DMA for audk> sample data (124). 
Interrupt driven Serial I/O 126 is used for control and for 
serial MODEM data. Seriaf I/O 126 and Audio DMA 124 
40 are both buffered by First-ln/Fiist-Out buffers (128 and 
130). The ISDN DMA channel 120, Serial I/O 126 and 
/Vudio DMA 124 are all merged through an audio/tale- 
phone bus controller 132 onto the time-domain-multi- 
plexed serial bus system 104. The telephone system 
45 1 06 is either a syste m as illustrated that connects to two 
analog phone lines or alternatively, a system that con- 
nects to a single ISDN line (not illustrated). The audio 
system 108 provides A^ conversion, D/A conversion 
and control for external audio devbes such as a micro- 
so phone, headphones, a speaker, and stereo Input and 
output. 

[0014] Figure 2 illustrates additional detail for the bus 
system 104, the telephone system 106 and the audio 
system 108. In one embodiment of the present Inven- 
55 tton, the audio system 108 is a commerdally available 
CODEC- Example suitable parts are the CS4216 CO- 
DEC from Crystal Semiconductor Corporation or the 
AD1849 CODEC available from Analog Devices. Each 



20 



2 



PAGE 10/23 * RCVD AT 1/15/2006 8:21:28 PM [Eastern Standard Tirn^^ 



16/pl''06 MON 09:20 FAX 65 6846 2005 



HORIZON IP 



IglOll 



3 EP 1 152 

CODEC design a^sym©^ a serial data bus with 64-bit 
data frames dedicated to the CODEC In thQ present In- 
vention, the 64-bIt CODEC data frames are time multi- 
plexed with other data over a higher bancfwldth serial 
data bus in a manner that is transparent to the CODEC, ^ 
[0015] Induded in the telephone system 105 is a Dig- 
ital Signal Processor (DSP) for each channel. An exam- 
ple suitable part is the AO2105 DSP available from An- 
alog Devices. Each DSP is responsible for correctly Im- 
plementing various MODEM protocols such as V.32 bis, fO 
In addition, each DSP has the capability to mathemati- 
caJly combine audio and voice data and return this in- 
fonmatJon to the computer via audio DMA and/or to the 
CODEC for immediate aural feedback. The bus system 
1 D4 is only concerned with the movement of data. That is 
is, the bu9 system 104 is not concerned with extemal 
telephone system protocols or serial data protocols. For 
example, to the bus system, ISDN Is Just a digital data 
port 

[0016] Continuing with figure 2, the bus system 104 20 
comprises a merged serial bus 134 (for combined con- 
trol, teJephone and audio data}, an audio serial bus 136 
(for audio data samples and CODEC control), a buffer 
1 36, a buffer configuration control line 140 and two buff- 
er dock control lines 1 35. The telephone system 1 06 is 25 
designed to be an optional system. When the telephone 
system is Installed, line 200 is pulled high to signal the 
audlD/telephone bus controller 132 that the telephone 
system 106 is present Likewise, buffer configuration 
control line 140 is pulled low to force the tmffer 136 to a 30 
normally disabled mode. If the audio system 108 is the 
only system present, the buffer configuration control line 
140 Is high so that the bus system 104 i$ automatically 
configured as illustrated in figure 3. If a telephone sys- 
tem 1 06 is added, configuration control line 1 40 disables 
the buffer 136 so that the bus system 1C)4 is effectfvely 
connected as Illustrated In figure 4. Even if the telephone 
system 106 is installed, there Is a control mode for direct 
control of the audio system 108 by the computer 100 
that temporarily places the bus system 104 In the cor- <o 
figuration illustrated In figure 3, The control line for this 
mode is ttie Data/Control <D/C) line 202. The computer 
100 can command the telephone system 106 via D/C 
line 202 to enable the buffer 136. Therefore, figure 3 iJ- 
Justrates the configuration of the bus system 104 for an ^5 
audio system control mode or for data trailer With no 
telephone system 1 06 present. Figure 4 illustrates the 
conftgUrErtion of the bus system 104 for data transfer 
with a telephone system 106 present 
[0017] There are three docks available for controlling so 
the bus system 104. These clocks are totally asynchro- 
nous and are variable. When the audio system 1 08 is in 
control mode, the dock rate of the bus system 104 Is 
controlled by the audio/telephone I/O system 102. Oth- 
enAnse, the dock rate is controlled by the audio system ^ 
108 or the telephone system 106 as described below. 
TWo clock control lines 135 control which system con- 
trols the dock rate. Either one or none of the clock con- 
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trol lines 135 is active at one time. If either clock control 
line 135 Is active, both the merged serial bus 134 and 
tf^ audio serial bus 138 are at the same frequency. 
When one clock control line 135 is active, the common 
bus system clock rate is controlled by the audio/tele- 
phone I/O system 102. When the other dock control line 
1 35 is active, the common Ikjs system dock rate is con- 
trolled by the audio system 108. If neither clock control 
line 1 35 Is active and a telephone system 1 06 Is present, 
the telephone system 106 controls the dock for the 
merged serial bus 134, the audio system 108 controls 
(he dock for the audio serial bus 1 38. and the audio sy^^ 
tem 108 controls dala lirame synchronization as de- 
scribed below. 

[001 8] Each of the serial busses (134 and 1 38) have 

5 signals as follows: 

1. SDOUT - serial data out 

2. SDIN - serial data In 

3. SCLK - serial port dock (bit rats) 

4. FSYNC - frame sync 

5. RESET - reset 

[0019] Data is transferred in frames. As descritied be- 
low, data flames for the audio system 108 on the audio 
serial bus 138 ana always 64 bits/frame. If a telephone 
system 106 is installed, additional bits are added to each 
fran^ on the merged serial bus 134. For either serial 
bus (134 or 138). the frame sync signal (FSYNC) signi- 
fies the beginning of a frame. Time-division-multiplexing 
is automatically adapted to ttie system configumtnn tsy 
controlling which systems determine and generate 
FSYNC and SCLK. As described above, when the audio 
system 108 is in control mode, 5CLK Is controlled t>y 
the audk]/telephone I/O system 102. Otherwise, SCLK 
is controlled by the audio «ystem 108 or the telephone 
system 102. The frame sync rate (FSYNC) is deter- 
mined by the requirements of the audio system 108. If 
the telephone system 106 fe Installed, the frame syno 
signal (FSYNC) for the merged serial bus 1 34 is gener- 
ated by the telephone system 106 but the frame sync 
rate of the merged serial bus 134 Is determined by the 
requirements of the audk) system 108. The audk> sys- 
tem 108 may generate and receive one sample p^ 
frame of either a stereo signal or one sample per frame 
Of a monaural signal. For either stereo or monaural au- 
dio data, the FSYNC rate required by the audio eyetem 
108 is identical to the audio sample rate. 
[0020] Figure 5 Illustrates the logical format of data 
frames for the merged serial bus 134. In figure 5. a frame 
600 te divided Into bytes (8-bits). The first 64 bits (figure 
5, 502) of a frame are dedicated to Information to or from 
the audio DMA port (figure 1, 124). The remaining bits 
are logically divided into smaller 16-bit telephone data 
frames (Tframes) 514. If the audio system 108 is in a 
control mode then the first 64 bits are control information 
as illustrated by figure 5. 502. If the audio system 108 
Is in a data mode then 32 bits are dedicated to data and 
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32 bits are dedicated to control as illustrated by figyr9 
5, 504. The 32 bits of dsta may comprise 2 16-bit stereo 
samples (506), one 16-blt monaural sample (508), two 
6-bit Stereo samples (510) crone 8-bit monaural sample 
(512). The 32 bits of audio sample data may contain ei- 
ther telephone voice samples (8-bit sampler only), au- 
dio samples for the audio system 10B, or digitally mbced 
telephone voice samples and audio samples. The re- 
mainder of the frame is filled with data for ISDN or serial 
I/O data as necessary. ISDN or serial I/O may have mul- 
tiple bytes per frame so that the entire bandwidth of the 
bus may be used even if some devices are not active. 
10021] When the telephone system 106 is installed, 
the bit rate (SCLK) for the merged serial bus 134 Is set 
by the telephone system 106 to 13.624 Mbits per sec- 
ond. If a telephone system 106 is installed, the number 
of bits in a frame available for ISDN or serial I/O varies 
with the sample rate of the audio system 106. The bit 
rate (SCLK) for the audio serial bus 136 is set by the 
audio system 108. If there is no telephone system 106 
Installed, the bit rate (SCLK) and the frame syno 
(FSYNC) for both serial busses (134 and 138) are gen- 
erated by tiie audio system 106. If there is no telephone 
system Installed, the bit rate (SCLK) is 64 times the 
frame sync (FSYNC) rate. 

[0022] The following example configurations assume 
that a telephone system 106 is installed, /^s a first ex- 
ample configuration for stereo audio, the audio system 
108 may tie controlled to receive and generate two 
16-bit samples per frame (ftgure 5, 506) at a frame rate 
of 46»000 frames per second. With a bit rate of 13.824 
Mbits per second and a frame rate of 48,000 frames per 
second there are 288 bits per frame. The first 64 bits ara 
dedicated to the two audio samples (and CODEC con- 
trol) and the remaining 224 bits (28 bytes) are filled with 
ISDN data or serial I/O data or both. As a second exam- 
ple configuration, the audio system may t>e controlled 
to receive or generate one 8-bJt sample perftame (figure 
5. 512) at 6,512.5 frames per second. For the second 
example, there are 2508 bits per frame. The first 64 bits 
of the frame are dedicated to the 8-bit audio sample and 
the remaining 2,444 txlts are available for ISDN data and 
serial I/O data. 

[0023] Each 16-blt Tframe (514} is divided into 8 bits 
of data and 8 bits of system information. One three-bit 
field indicates the destination/source address (ADDR) 
(51 8). One three-bit field Indicates the type of data con- 
tained in the data byte (TYPE) (516). One bit of a two- 
bit ffeld Is used as a ready signal (RDL) (Active low 
Ready for Data) (520). Recall that ttie bus Is full duplex. 
As the telephone system 106 is transmitting a frame to 
ttie audio/telephcne bus controller 132 the telephone 
system 1 06 is simultaneously receiving a frame from me 
audio/telephone bus controller 132. If, for example, the 
telephone system is transmitting a Tframa 514. with an 
address 518. at the time of the RDL bit, the audio/tele- 
phone bus controller transmits RDL active if the device 
having the address 018 Is ready to receive the corre- 



sponding byte of data. Likewise, at the time of the RDL 
bit, the telephone system 106 transmits RDL active if 
the addressed serial channel or ISDN port is ready to 
receive a byte of data. 

s [0024] The order of multiplexed data depends on the 
direction of data flow. Referring back to figure 1 , Tframes 
(figure 5, 514) that are sourced by the audio/telephone 
I/O system 102 are transmitted on a priority basis with 
the following priority order (1) telephone control infor- 

10 matlon. (2) ISDN data and (3) telephone data. When irv 
fomiatjon is available for broadcast, an indicator to the 
audio/letephone bus controller 132 is set by the ISDN 
DMA port 120, ttie audio DMA port 1 24 or the serial I/O 
port 126. The audio/telephone bus controller 132 arbi- 

IS trates between the various InfonfY^ation sources and se- 
rializes the Infonrtatlon for transmission to the telephone 
system 106. Conversely. Tframes that ara sourced by 
the telephone system 1 06 have no priority order and are 
simply iransmttied as they are received from the DSP 

20 (s) In the telephone system 1 06. Each DSP In the tele- 
phone system 106 receives information from the tele- 
phone tines and constructs Tframes to be sent to the 
audio/telephone I/O system 102 as needed. 
[0025] Each DSP In the telephone system 1 06 Is pro- 

25 grammabte and is controlled by the computer 100. The 
telephone system 1 06 also contains A/D and D/A con- 
versbn, under DSP controt, for telephone voice signats. 
These signals are sampled at a fixed rate of 8.000 sanv 
ples per second with 8-bits per sample. Each DSP also 

30 has access to audio data from the audio system 108 
(see figure 4). Each DSP can be programmed to trans* 
mtt digitized voice, or audio data, or digitally mixed (add- 
ed) digitized voice and audio data. Telephone voica 
samples (or mixed samples) are transmitted/received in 

35 the first 64 bits Of a f^me in the format illustrated in fig- 
ure 6p 510 or 512 (8-bit samples only). 
[00261 Refenrlng back to figure 1, audio samples in- 
terface to the computer through a DMA channel 1 24 and 
iSDN data interfiaces to the computer thorough a DMA 

40 channel 120. Each of these channets is t»~dlrBctionat 
with simuttaneous data transfer in each direction. Merrh 
ory 112 In the computer is divided Into logical pages. To 
ensure continuous data fiow. each DMA channel pro- 
vides two physical addresses, one for the currant data 

^ location and one for the beginning address of the next 
page. Software in the host computer 100 must provide 
the next page address ahead of time. Each time a p>age 
Is finished, the DMA channel Interrupts the host compu- 
ter 100 so that software can provide a new page ad- 

so dress. There are a total of 4 DMA channels (audio 
record, audio playback, ISDN record. ISDN playback) 
so there are 4 current address registers and 4 next page 
address registers. For iSON, the DMA drcuitry 1 20 gerv 
erates an addHJonal interrupt once every Kisyte to de- 

55 crease the delay time before the computer 100 is aware 
that new data is present The ISDN basic rate sends/ 
receives one byte every 125 microseconds. The DMA 
channel 1 20 is guaranteed access to processor bus 114 
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every 20 micmseconds. Therefor©, the computer 100 
and I/O controller 118 can send/receive data at ISDN 
rates without requiring a buffer. 
[0027] From the above, it can been seen that the 
present invention provides a tnjs for telephone end au- 
dio I/O with h^h performance and flexibility and requires 
a mininria] number of Integrated circuit interconnections. 
The bus sy3tem reconfigures automatically If a tele- 
phone system is added. Analog or ISDN telephone sys- 
tems are Interchangeable. 

[0028] The foregoing description of the present mvert- 
tion has been presented fOr purposes of illustration and 
description. It not intended to be exhaustive or to limit 
the invention to the precise form disclosed, and other 
modlfloadons and variations may be possible in Itght of 
the above teachings. The embodiment was chosen and 
described in order to best explain the prindples of the 
invention and its practical application to thereby enable 
Others skilled in the art to best utilize the invention in 
various embodiments and various modificatians as are 
suited to the particular use contemplated. It is intended 
that the appended cfaims be construed to Include other 
alternative emt)odiments of the invention except Insofar 
as limited by the prior art 



Claims 

1. A computer system comprising: 

a computer (1 00) having one or more computer 
inteifaces (120,122,124); 
a peripheral device (106) having one or more 
peripheral data ports; 

a full-duplesc serial communlcatior>s bus (134) 
connecting the peripheral device (106) and the 
computer (1 00) for transferring data frames be- 
tween the peripheral device (1 06) and the com- 
puter (100): 

each of the data frames comprising an address 
(618), a pluraifty of data bits (514) and a ready 
bit (520). the address In each of the data frames 
from the peripheral device (106) to the oompu» 
ter (1 00} designating one of the computer inter- 
faces, the address in each of the data frames 
from the computer (100) to the peripheral de- 
vice (106) designating one of the peripheral da- 
ta ports; 

wherein when one of the data frames is being 
sent from the computer (100) to the peripheral 
device (1 06). another one of the data frames is 
simultaneously being sent from the {jeripheraJ 
device (106) to the computer (100); 
wherein the ready bit (520) In each of the sec- 
ond data frames from the computer (1 00) to the 
peripheraf device (106) indicates whether the 
computer Interface, designated by the address 
in the simultaneous data frame from the second 
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peripheral device (106) to the computer (100). 
is ready to receive data; and 
wherein the ready bit (520) in each of the data 
frames from the peripheral device (106) to the 
computer (100) cndicates whether the peripher- 
al data port, designated by the address in the 
simuttaneous data frame from the computer 
(100) to the peripheral device (106). ie ready to 
receive data. 

A method for indicating a ready condition for com- 
munication between a computer (100) and a periph- 
eral device (106). the computer end the periptieral 
device connected by a communications bus (134). 
the communications bus being ftill-duplex serial, 
the method comprising the following steps: 

(a) sending a computer address (518), corre- 
sponding to a computer interface, over the 
communications bus, from the peripheral de- 
vice to the computer; 

(b) sending a peripheral address (516), corre- 
sponding to a peripheral data port, simuitane*- 
ously with step (a), over the communications 
bus, from the computer to the peripheral de- 
vice; 

(c) sending a first ready bit (520), over the com- 
munications bus. from the peripheral device to 
the computer. Indicating whether the peripheral 
device Is ready to receive data at the peripheral 
data port; 

(d) sending a second ready bit (520), simulta- 
neously ^th step (c), over the oommunications 
bus, from the computer to the peripheral de- 
vice, Indicating whether the computer is ready 
to receive data at the computer interface; 

(e) sending data (514). over the comnuinlca- 
tions bus, from the peripheral device to the 
computer If the computer Indicated In step (d) 
that the computer was ready to receive data at 
the computer interface; and 

(0 sending data (514). simultaneously with step 
(e). over the communications bus. from the 
computer to the peripheral device, if the periph- 
eral device indicated to the computer in step (c) 
that the peripheral device was ready to receive 
data at the peripheral data port 
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